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those in the rodent studies" (p. 560), but
they offered no suggestions as to the possi-
ble mechanisms that might underlie such
differences, nor did they adequately
address the substantial body of human
epidemiologic data indicating no excess
risk of lympho-hematopoietic cancer
among workers exposed to TCE and PCE
levels approximately three orders of mag-
nitude greater than the New Jersey resi-
dents studied.
In summary, we conclude that the evi-
dence from high exposure-level human and
animal studies strongly suggests that there
is not likely to be any increase in the risk of
lympho-hematopoietic cancer in popula-
tions exposed to very low levels ofTCE or
PCE in drinking water. The results
obtained by Cohn et al. are perhaps more
likely explainable by the limitations of the
ecologic study design. While fully support-
ing all efforts that have been and continue
to be made by chemical manufacturers and
users to reduce emissions into the environ-
ment, we hope that this brief review will
encourage Cohn et al. and other public
health investigators to view the results of
ecological studies of low-level VOC expo-
sures in awider perspective.
Jonathan Ramlow
The Dow Chemical Company
Midland, Michigan
Louis Bloemen
The Dow Chemical Company
Terneuzen, The Netherlands
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Response
We thank Dr. Ramlow and Mr. Bloemen
for their comments on our epidemiologic
study (EHP 102:556-561) of low-level
exposures to perchloroethylene (PCE) and
trichloroethylene (TCE). Our study found
associations between PCE and TCE in
drinking water and the incidence of
leukemia and non-Hodgkin's lymphoma
(NHL) in both sexes, especially among
females. We believe that our study is an
important contribution to the weight of
evidence concerning possible hazards of
these uniquitous chemicals for the general
population.
Ramlow and Bloemen take issue with
the design of our study, citing the usual
limitations and caveats ofecologic studies.
(They note that we also cited these
caveats.) However, our study did not use a
classic ecologic design. In a true ecologic
study, exposures are expressed as propor-
tions or averages ofaggregate groups, such
as the percentage completing high school
in a municipality. In this example, an indi-
vidual either finished high school or did
not. In contrast, we assigned the exposure
category ofeach study subject according to
the level of contamination in the water
utility serving the municipality of resi-
dence. In municipalities served by water
systems contaminated with volatile organic
compounds, all individuals are exposed by
some combination ofinhalation, ingestion,
and dermal absorption. The potential for
exposure misclassification in our study
resembled that ofmany occupational stud-
ies for which summary estimates of expo-
sure are applied to all workers in a particu-
lar job description or location, irrespective
of hot spots, personal protective equip-
ment, or other personal factors that might
influence individual exposure.
The relative risk estimates generated in
our analyses were adjusted for individual
data on age, sex, and race and weighted by
population. Race minimally affected the
estimates ofthe rate ratios in the regression
analysis and was therefore not included in
the report. Standard ecologic municipal
socioeconomic indicators were examined
qualitatively, but there were no notable
differences between the exposure strata,
and risk ratios were not adjusted for
socioeconomic variables. In short, the most
salient limitations of true ecologic designs
did not apply to our study.
Ramlow and Bloemen also raise the
issue ofpotential confounding in our study.
Confounding occurs when a risk factor for
disease is positively or negatively associated
with an exposure of interest. Confounding
can cause either overestimation or underes-
timation of the association between expo-
sure and outcome. However, unless a con-
founder is a strong risk factor, the con-
founder must be strongly associated with
the exposure of interest to significantly
affect the results. Known strong risk factors
for leukemia and NHL include certain
genetic traits and DNA-repair enzyme defi-
ciencies, exposure to benzene or radiation,
and, for a few histologic types, infection
with certain viruses. Smoking is a moderate
risk factor for leukemia. There was no a
piori reason to believe that these risks were
differentially distributed among the expo-
sure strata in our study. While we did not
have information on smoking status (for
malignancies in adults), neither do many
occupational studies, including those cited
in the letter from Ramlow and Bloeman.
Ramlow and Bloeman also raise the
issue of the consistency of our findings
with those from the occupational epidemi-
ology and animal toxicology literatures. In
evaluating the weight of evidence for
potential public health hazards ofPCE and
TCE, we must consider that the general
population includes subgroups that may be
more sensitive than "healthy workers" to
toxic agents. Additionally, Aschengrau et
al.'s recent case-control study found strong
associations between leukemia and PCE
contamination ofdrinking water (1).
In carefully examining the occupational
studies cited by Ramlow and Bloemen, we
find that some ofthese studies, rather than
contradicting our results, are consistent
with our strongest finding. When duration
540 Environmental Health PerspectivesI- IM I
and intensity ofexposure were included in
these occupational analyses, the strength of
the associations between NHL and
TCE/PCE exposure increased. For exam-
ple, Blair et al. (2) noted 5 lymphohe-
matopoietic cancer cases among men in
the highest exposure category compared to
1.2 expected. Spirtas et al. (3) found 3
NHL cases among women in the highest
cumulative exposure category compared to
0.9 expected, but the odds ratio was not
elevated among men. Axelson et al. (4)
observed 4 cases ofNHL among men who
were exposed for more than 2 years, com-
pared to 1.5 expected. In the highest
cumulative exposure cateogory, they
observed 3 NHL cases compared to 0.9
expected. In addition to the cited studies, a
recent hospital-based, ocupational
case-control study of NHL among men
reported an unadjusted odds ratio of 7.2
for exposure to TCE and an odds ratio of
11 for exposure to "degreasing agents" (5).
Some ofthe laboratory investigations cited
in the letter are also consistent with our
findings. In one report, immunoblastic
lymphosarcoma incidence in Sprague-
Dawley rats was increased by both oral and
inhalation routes ofexposure to TCE (6).
At this time we can only speculate why
low levels of these chemicals (relative to
laboratory experiments) have been associat-
ed with certain lymphohematopoietic can-
cers (1). However, as noted, some of the
laboratory data and much of the occupa-
tional data are not inconsistent with our
result. Until we know more, it is especially
important to consider carefully the findings
that bear directly on the general population
and to follow upwith additional studies.
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